Upper gastrointestinal bleeding among users of NSAIDs:
a population-based cohort study in Denmark
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Aims It is well-known that use of nonsteroidal anti-inflammatory drugs (NSAIDs)
increases the risk of upper gastrointestinal bleeding (UGIB), but characteristics of
the association and quantification of excess risk at the population level require
clarification.

Methods All users of nonaspirin prescription NSAIDs in North Jutland County,
Denmark during 1991-95 were identified in the regional Pharmaco-Epidemiologic
Database. Using the Hospital Discharge Register, all hospitalizations for UGIBs were
identified among the 156 138 users of NSAIDs and compared with the number of
expected based on the North Jutland population who did not receive NSAID
prescriptions.

Results During periods of NSAID use without use of other drugs associated
with UGIB, we observed 365 UGIBs, a number 3.6 times higher than expected
(95% CI=3.3, 4.0). The excess risk varied by sex, type of NSAID and form and
route of administration of the NSAID, but not by age at first NSAID prescription or
number of prior prescriptions. Risk declined sharply following cessation of use. For
ibuprofen and naproxen, there was a clear trend in rising risk by increasing dose,
although the lowest doses were also associated with an excess of UGIB. Concurrent
use of corticosteroids, anticoagulants and aspirin further increased the risk of UGIB.
Conclusions All types and formulations of NSAIDs appear to increase the risk of
UGIBs, but the effect appear not to be cumulative and diminish rapidly with
discontinue of use. Up to 15% of the UGIBs in the entire population of the North
Jutland County may be explained by use of this drug.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are
among the most commonly used drugs in many countries.
Risk of upper gastrointestinal bleeding (UGIB) is known
to be increased among persons prescribed NSAIDs,
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with the injury to the gastrointestinal mucosa thought
to be caused by both systemic and topical effects of the
drugs [1-3]. Systemic effects are likely related to inhibition
of endogenous prostaglandin synthesis [3], while acute
mucosal damage may be a result of direct toxic effects,
depletion of mucosal prostaglandins and microcirculation
disturbances due to interactions between leucocyte and
endothelial cells [2].

There 1is uncertainty, however, concerning the
magnitude of the absolute and relative risks among users
and how they vary as a function of the amount and
duration of use, form and route of administration, type
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of NSAID and use of other drugs. Herein we describe
a population-based cohort study in which all residents
of a county in northern Denmark prescribed nonaspirin
NSAIDs over a 5 year period were identified and followed
for subsequent hospitalization for UGIB. The study affords
the opportunity to determine rates of UGIB associated
with NSAID use in a large population.

Methods

The study was carried out within the population of
North Jutland in Denmark which comprised about
490000 inhabitants, approximately 9% of the total
Danish population, during the study period 1991-95.
The National Health Service provides tax-supported
health care for all inhabitants, guaranteeing free access to
general practitioners, hospitals, and public clinics and
refunding a variable proportion (usually 50-75%) of the
costs of medications prescribed by physicians. The
population-based Pharmaco-Epidemiologic Database of
North Jutland [4], initiated on 1 January 1991, retains key
information on prescriptions dispensed from all 33 phar-
macies outside hospitals in the county. This includes the
unique personal identification number of the customer,
type of drug prescribed according to the anatomical
therapeutical chemical (ATC) classification system [5],
date of prescription (date of dispensing the drug), tablet
size, number of tablets in the package and number
of packages. Using the personal identification number,
which encodes gender and date of birth, a complete
prescription history can be established for each individ-
ual, and unambiguous linkages with other registers can be
performed.

Exposure data

In the Pharmaco-Epidemiologic Database, we identified,
during 1991-95, 171092 users of nonaspirin NSAIDs
(azapropazone ATC =MO1A A04, diclofenac MO1A BO05,
etodolac MO1A BO0S, fenbufen MO1A EO05, feno-
profen MO1A E04, flurbiprofen MO1A E09, ibuprofen
MO1A EO1, indomethacin MO1A BO1, ketoprofen
MO1A E03, ketorolac MO1A B15, nabumetone MO1A
XO01, naproxen MO1A E02, phenylbutazone MO1A A01,
piroxicam MO1A CO01, proquazon MO1A X13, sulindac
MO1A BO02, tenoxicam MO1A C02, tiaprofenic acid
MO1A E11, tolfenamic acid M0O1A GO02, tolmetin MO1A
B03). Record linkage with the Danish mortality files
resulted in the exclusion of 73 persons (0.04%) due to date
of death before the date of NSAID prescription, or to an
error in the identification number. We also excluded
696 users (0.4%) who were under the age of 16 or older
than 105 years at date of NSAID prescription, and 5696
users (3.3%) who were not residents in the county.
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UGIB and predisposing conditions

The remaining 164627 persons were linked to the
Regional Hospital Discharge Register (HDR), which
retains key information at the individual level for all
admissions to hospitals in the county from 1977 through
1995 [6]. For each hospitalization, the files of the HDR
include information on the identification number of the
patient, date of discharge, and up to 20 discharge diag-
noses, coded according to the Danish version of the
International Classification of Diseases, 8th revision [7],
until the end of 1993, and 10th revision [8] thereafter. By
use of the hospital discharge history from 1977, we sub-
sequently excluded 722 (0.4%) persons who had an UGIB
from 1977 until the first recorded NSAID prescription.
These UGIBs were coded as oesophagitis (ICD-8, 530.98;
ICD-10, no code), gastritis (535.01; K29.0), gastric
(531.90, 531.92, 531.95; K25.0, K25.2, K25.4, K25.6),
duodenal (532.90; K26.0, K26.2, K26.4, K26.6), gastro-
duodenal (533.90; K27.0, K27.2, K27.4, K27.6) or
gastrojejunal ulcer (534.90; K28.0, K28.2, K284,
K28.6), haematemesis (784.59; K92.0), melaena (785.79;
K92.1) or GI haemorrhage without specification (K92.2).
In addition, we excluded 3108 (2%) subjects with medical
conditions predisposing to UGIB including alcoholism
(303; F10), oesophageal varices (456.00-09; 185, 198.2),
Mallory—Weiss syndrome (530.97; K22.6), or liver
cirrhosis (571, 573; K70, K72-74, K76). Cancer is also
a predisposing condition, so a further 4659 (3%) subjects
were excluded after linkage with the Danish Cancer
Registry, because they had a cancer diagnosis after 1980
and before the first recorded NSAID prescription.
Persons with predisposing conditions were excluded to
avoid possible effects of confounding and interaction
with NSAIDs. Thus, a total of 156 138 (91.3%) users of
NSAIDs were included in the study (Table 1).

Follow-up for UGIB

Follow-up for hospitalization for UGIB began on the date
of the first recorded prescription for a NSAID, and ended
on the date of first hospital admission for a UGIB, or on a
censoring date due to hospital admission for one of the
medical conditions that predispose to UGIB (alcoholism,
oesophageal varices, Mallory—Weiss
cirrhosis or cancer), death, or 31 December 1995,
whichever occurred first. The follow-up period was
subdivided into periods of NSAID use (current exposure)
lasting from the date of prescription until 90 days
thereafter (or a censoring date), and periods of non use
of NSAIDs (former exposure) extending from 90 days
after a prescription to the date of next prescription (or a

syndrome, liver

censoring date). Further, periods of use and non use were
flagged if subjects received prescriptions at the same time
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Table 1 Descriptive characteristics of NSAID users with one or
more prescriptions and with three or more prescriptions recorded
in North Jutland County Pharmaco-Epidemiologic Prescription
Database, 1991-95.

One or more NSAID
prescriptions
Number of users (%)

Three or more NSAID
prescriptions

Characteristic Number of users (%)

Total 156 138 (100) 58708 (100)
Sex
Men 70141 (45) 23230 (40)
Women 85997 (55) 35478 (60)
Age at first recorded prescription
<60 years 110062 (70) 33834 (58)
60—69 years 19307 (12) 9110 (16)
70+ years 26769 (17 15764 (27)
Year of first recorded prescription
1991 45922 (29) 11522 (20)
1992 31647 (20) 11145 (19)
1993 28268 (18) 11545 (20)
1994 26569 (17) 12035 (20)
1995 23732 (15) 12461 (21)

for one or more other drugs presumed to cause UGIB,
i.e. low- and high-dose aspirin (ATC-codes BO1ACO06,
NO2BAO1, NO2BA51), anticoagulants (BO1AAO03,
BO1AAO4) and corticosteroids (HO2AB), again applying
the 90 day rule. Then, periods of current exposure could
be divided into periods of only NSAID use (88.5% of
person-years for current use) and periods of combined use
of NSAIDs and one or more of the other predisposing
drugs (11.5%), e.g. NSAID + glucocorticoids (5.5%) and
NSAID + anticoagulants (0.4%). Periods of former expo-
sure were similarly divided into non use of any drug
(93.8%) and use of one or more of the other drugs (6.2%).
Periods when only NSAIDs were used were further
classified according to sex, age, number of prior NSAID
prescriptions, type of NSAID and form and route of
administration.

For wusers of ibuprofen and naproxen, the most
commonly prescribed NSAIDs in our population, the
analysis was stratified according to sex, age, number of
prior ibuprofen/naproxen prescriptions and used daily
dose. Used daily dose was estimated for 13 444 users of
ibuprofen and 3530 users of naproxen who had at least
three consecutive time segments of drug use, i.e. there
were less than 90 days between dates of prescriptions
for ibuprofen/naproxen. The dose was calculated from
tablet dose, number of tablets in the package and time
interval between two consecutive prescriptions. For
each new segment, the dose applied was an average of
all doses previously prescribed in a continuous sequence.
Follow-up started on the date of the third prescription and
ended on the censoring dates described above.

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 173181

Upper gastrointestinal bleeding and NSAIDs

In order to examine the risk of UGIB among persons
likely to be continuous users of NSAIDs, we restricted
the cohort of NSAID users to 58708 (38%) subjects
who had received at least three NSAID prescriptions
during 1991-95 regardless of the time interval between
prescriptions (Table 1). The date of entry was the date
of the third prescription, while censoring dates and
periods of current and former exposure were defined
as described above.

Observed /expected (O/E) ratios of UGIB

The occurrence of UGIB during periods of use of NSAIDs
was compared with that in the general population not
exposed to NSAIDs by calculating O/E ratios as estimates
for relative risk. The O/E ratio was calculated as the
observed number of UGIBs divided by the expected
number. The background population included all
inhabitants of the North Jutland County who had not
received an NSAID prescription or any of the other
drugs presumed to cause UGIB, and who had not been
hospitalized from 1977 to 1991 with an UGIB or a
medical condition predisposing to UGIB (alcoholism,
oesophageal varices, Mallory—Weiss syndrome,
cirthosis, or cancer) from 1977 on. For this population,
rates of first time hospitalization for UGIB were com-

liver

puted according to sex, 5 year age group and 1 year
calendar-period, and these rates were applied to the
person-years of observation of current and former NSAID
use to obtain the number of UGIBs expected if the users
of NSAIDs had experienced the same hospitalization
rates as nonusers. Confidence intervals (CI) for the O/E
ratio were computed using Byar’s approximation under
the assumption that the observed number of UGIBs
follows a Poisson distribution.

Under the assumption of an additive eftect between
NSAIDs and other risk factors for UGIB, the population
attributable risk was calculated as the excess number of
cases of UGIB per person-year among NSAID only users
multiplied by the person-years accumulated among
current users and divided by the total number of UGIBs
during the study period among persons not predisposed to
UGIB in North Jutland (n=2004).

Results

Among the 156 138 persons who had at least one NSAID
prescription, 107305 person-years of NSAID use were
accumulated during current use, with a mean cumulative
duration of 0.7 years (range 0-5 years) (Table 2). There
were 515 UGIBs observed against 124.9 expected yielding
an O/E of 4.1 (95% CI=3.8, 4.5). Most of the users (98%)
had periods when only NSAIDs were used, and during
94987 such person-years, 365 UGIBs were seen, which
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Table 2 Observed (Obs) and expected (Exp) number and O/E ratios of UGIB associated with current and former NSAID use among persons

with at least one NSAID prescription recorded in the North Jutland County Pharmaco-Epidemiologic Prescription Database, 1991-95. Exposure

window is 90 days for all drugs considered.

Number of UGIB

Periods of drug use persons Person-years Obs Exp O/E 95% CI

Current use of NSAID 156 138 107 305 515 124.9 4.12 3.8, 45
NSAID only 152882 94987 365 101.2 3.61 3.3,4.0
NSAID + glucocorticoids 17875 5908 58 8.0 7.24 5.5, 9.4
NSAID + glucocorticoids + other drug (not anticoagulants) 1593 464 7 1.1 6.41 2.6, 13.2
NSAID + anticoagulants 1001 340 8 0.7 11.46 4.9, 22.6
NSAID + anticoagulants + other drug (not glucocorticoids) 178 35 0 0.1 - -
NSAID + glucocorticoids +anticoagulants + other drugs 154 29 1 0.1 18.74 0.2, 10.4
NSAID =+ lowdose aspirin 4 highdose aspirin 10246 5542 76 13.8 5.52 43,69

Former use of NSAID 145 877" 314278 370 264.4 1.40 13,15
Non use of any other drug® 144584 294676 267 224.9 1.19 1.0, 1.3
Current use of other drug2 (not NSAID) 28 455 19602 103 39.6 2.60 21,32

!Among the 156 138 NSAID users, 145877 were followed during periods of non use 90 or more days after a nonrenewed prescription.

>The category includes drugs suspected to predispose to UGIB (low- and high dose aspirin, anticoagulants and glucocorticoids).

was 3.6 times more than expected (95% CI=3.3, 4.0).
The population attributable risk was 15%. The risk was
higher when NSAIDs were used in combination with
other drugs such as glucocorticoids (O=58; O/E=7.2;
95% CI=5.5, 9.4), anticoagulants (O=8; O/E=11.5;
95% CI=4.9, 22.6) and aspirin (O=76; O/E=5.5;
95% CI=4.3, 6.9).

There were 145 877 users of NSAIDs who had periods
of non use at some time during follow-up (Table 2
lower panel). Of these, 144584 were followed through
periods of non use of any of the drugs considered,
and during these periods 267 UGIBs were observed,
which was slightly more than expected (O/E=1.2;
95% CI=1.0, 1.3). Former users of NSAIDs who had
a prescription of one of the other drugs thought to
increase risk had an O/E ratio of 2.6 for UGIB (O =103;
95% CI=2.1, 3.2).

The periods of NSAID only use were considered in
more details (Table 3). The relative risk of UGIB was
higher among women than among men, whereas there
was no rising pattern in the O/E ratios according to age
or number of prior NSAID prescriptions. The rate of
hospitalization for UGIB, however, increased sharply with
age ranging from 1.2 per 1000 person-years at ages below
60 years to 11.3 per 1000 person-years at ages above
70 years among NSAID only users. Analyses of risk of
UGIB associated with use of the six most commonly
used types of NSAIDs in Denmark showed the lowest
risks associated with use of ibuprofen only (O/E=2.4;
95% CI=2.0, 2.9) and naproxen only (O/E=3.0;
95% CI=2.1, 4.2). The risk was highest for use of keto-
profen only (O/E=6.3; 95% CI=4.5, 8.5), while risk
estimates for exclusive use of diclofenac, indomethacin,
and piroxicam ranged between 4.3 and 5.0. The O/E
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ratios for UGIB were not lower for use of slow-release
or enteric-coated tablets than the O/E ratio for plain
tablets (Table 3). For use of suppositories, the risk was
significantly higher, on the basis of 12 observed UGIBEs,
than that for use of plain tablets.

There were 89415 persons who had periods of
exclusive use of ibuprofen (Table 4). Among these,
female users had a larger excess of UGIB than male users.
There was no trend in risk by age or number of prior
ibuprofen prescriptions. Of the total ibuprofen user
group, 13444 (15%) were regular users defined as those
with at least three consecutive ibuprofen prescriptions.
These users experienced an increasing risk of UGIB with
increasing daily dose of ibuprofen, with use of less than
1000 mg per day of ibuprofen associated with a 2-fold
increased risk of UGIB, and O/E ratios rising to 3.6 and
5.7 at 1000-1999 and 2000+ mg day ', respectively.
Risk according to the above mentioned variables was also
examined among 30033 who used naproxen alone for
specific periods (Table 5), and the results were similar to
those found for ibuprofen. There was a dose—response
relationship between naproxen and UGIB, with a three-
fold increased risk for the lowest dose defined as less than
700 mg day ', and O/E ratios rising to 4.2 and 4.4 at
higher doses.

The subcohort of persons with at least three NSAID
prescriptions during 1991-95 was followed for a total
of 59609 person-years of use beginning with the third
prescription, which gave a mean cumulative duration
of use of 1.0 years (range 0-5 years). Risk estimates
for periods of current and former use of NSAIDs for
this subcohort were slightly higher than estimates
found for the total cohort with at least one NSAID
prescription.

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 173181
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Table 3 Observed (Obs) and expected (Exp) numbers and O/E ratios of UGIB in periods of use of NSAID only according to sex, age, number

of prior prescriptions, type of NSAID, and route of administration. Exposure window is 90 days.

UGIB
Periods of only use of NSAID Number of persons Person-years Obs Exp O/E 95% CI
Sex
Men 68551 37447 135 46.5 2.90 2.4, 3.4
Women 84331 57540 230 54.7 4.21 37,48
Age (years)
<60 108 837 57 840 67 17.4 3.85 3.0, 49
60—-69 18573 14253 40 13.6 2.93 2.1, 4.0
>69 25472 22894 258 70.2 3.68 32,42
Number of prior NSAID prescriptions
0 149120 29005 54 19.8 2.73 2.0, 3.6
1 82424 14 880 50 12.8 3.99 3.0,5.3
2 54237 9252 43 9.1 4.72 3.4, 6.4
3 39510 6444 25 7.1 3.50 23,52
4 30874 4899 21 5.9 3.57 22,55
5+ 26898 30509 172 46.8 3.68 3.1, 43
Type of NSAID
Diclofenac 27154 9854 43 8.8 4.87 3.5, 6.6
Ibuprofen 89415 44086 112 46.4 2.41 2.0, 2.9
Indomethacin 7420 5005 33 7.7 4.28 2.9, 6.0
Ketoprofen 18 634 6436 42 6.7 6.30 455,85
Naproxen 30033 12812 35 11.5 3.03 2.1, 4.2
Piroxicam 10399 4590 28 5.6 5.00 3.3,7.2
Form and route of administration
Tablets 131139 73313 253 77.8 3.25 29,37
Slow-release tablets' 29035 11727 56 132 4.23 32,55
Enteric-coated tablets” 14297 5413 20 5.6 3.58 22,55
Suppositories 4659 1639 12 1.4 8.47 4.4, 14.8
Others (soluble tablets, mixture, etc.) 621 167 3 0.2 13.49 2.7, 39.4

'Indomethacin, diclofenac, ketoprofen, ibuprofen, tiaprofenic acid, flurbiprofen and tolfenamic acid.

2.
Diclofenac and naproxen.

3 . . . . .
Indomethacin, diclofenac, ketoprofen, naproxen, piroxicam and tenoxicam.

All the results described above were derived using an
exposure window for NSAIDs of 90 days (i.e. prescrip-
tions were assumed to last 90 days). By changing the
exposure window to 60 days, the O/E ratio of UGIB for
current use of NSAIDs increased to 4.6 (95% Cl=4.2,
5.1) on the basis of 460 observed UGIBs, while an
exposure window of 30 days increased the O/E ratio
further to 5.6 (95% CI=5.0, 6.2) on the basis of 333
observed UGIBs. Conversely, when risks of UGIB
were calculated for periods 30-59 and 60-89 days after
prescription, the O/E ratios declined to 3.2 (95%
ClI=2.7,3.9) and 2.1 (95% CI=1.6, 2.8), respectively.

Discussion

This follow-up of a large general population in Denmark
reveals that users of nonaspirin  NSAIDs have on
average received hospital diagnoses of UGIB at a rate
approximately four times greater than persons of similar

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 173181

age and sex who have not been prescribed these products.
The findings are consistent with emerging epidemio-
logic evidence from other countries showing elevations
in risk of bleeding among groups of NSAID users [9-22].
Our data indicate that about 4.8 UGIB hospitalizations
occurred per 1000 person-years of current NSAID use,
compared with only about 1.2 per 1000 nonuser person-
years. These incidence rates are very close to those
reported among NSAID prescription recipients in the
general populations of Saskatchewan, Canada [17], and
somewhat lower than found among elderly persons
prescribed NSAIDs in the United States [15] and Scotland
[19]. UGIBs occur relatively commonly, the annual
incidence of UGIB hospitalization in North Jutland
exceeds the annual incidence for almost all individual
cancers and for many serious diseases, and thus UGIB is
an important public health issue [23]. Mortality from
UGIB is non trivial with about 8-14% of patients
hospitalized for UGIB not surviving [24, 25].
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Table 4 Observed (Obs) and expected (Exp) numbers and O/E ratios of UGIB during periods of use of ibuprofen without use of other drugs

according to sex, age, number of ibuprofen prescriptions and dose of ibuprofen. Exposure window is 90 days.

UGIB
Characteristics Number of persons Person-years Obs Exp O/E 95% CI
Users with at least one ibuprofen prescription 89415
Sex
Men 40473 18076 43 21.7 1.98 14,27
Women 48942 26010 69 24.7 2.79 22,35
Age (years)
<60 64639 27204 20 8.1 2.48 15,38
60—69 10 445 6487 12 6.2 1.92 1.0, 3.4
>69 14331 10395 80 32.1 2.49 2.0, 3.1
Number of prior ibuprofen prescriptions
0 75328 14841 16 9.7 1.64 0.9, 2.7
1 38176 6946 15 5.8 2.60 1.5, 4.3
2 24238 4155 15 42 3.60 2.0, 5.9
3 17 424 2886 6 3.3 1.84 0.7, 4.0
4 13418 2160 7 2.6 2.66 11,55
5+ 14073 13098 53 20.8 2.54 1.9, 3.3
Users with at least three consecutive ibuprofen prescriptions 13 444
Dose of ibuprofen (mg day ™ ")
<1000 7077 3692 12 5.7 2.10 1.1,3.7
1000-1999 7776 5074 31 8.7 3.58 2.4, 5.1
>2000 2325 1105 10 1.7 5.74 2.7, 10.6

Table 5 Observed (Obs) and expected (Exp) numbers and O/E ratios of UGIB during periods of use of naproxen without use of other drugs

according to sex, age, number of naproxen prescriptions and dose of naproxen. Exposure window is 90 days.

UGIB
Characteristics Number of persons Person-years Obs Exp O/E 95% CI
Users with at least one naproxen prescription 30033
Sex
Men 12298 4682 1 5.3 2.06 1.0, 3.7
Women 17735 8130 24 6.2 3.86 2.5,5.7
Age (years)
<60 22538 8625 8 2.3 3.45 1.5,6.8
60-69 3255 1648 5 1.5 3.25 1.0, 7.6
>69 4240 2538 22 7.7 2.86 1.8, 4.3
Number of prior naproxen prescriptions
0 22984 4616 8 2.7 3.01 1.3,5.9
1 11347 2081 2 1.5 1.34 0.2, 4.8
2 6982 1235 4 1.0 3.85 1.0, 9.9
3 4819 822 3 0.8 3.86 0.8, 11.3
4 3643 604 1 0.6 1.63 0.0, 9.1
5+ 4242 3455 17 5.0 3.43 2.0,5.5
Users with at least three consecutive naproxen prescriptions 3530
Dose of naproxen (mg day ')
<700 2208 1228 6 1.8 3.26 1.2, 7.1
700-1199 1538 962 6 1.4 4.18 1.5, 9.1
>1200 608 279 2 0.5 4.37 0.5, 15.8

Women using NSAIDs tended to have higher UGIB
risk than men, although no significant difference in risk by
sex was observed. We found the relative increases in risk of
UGIB among NSAID users across all age groups. These

178

observations are consistent with a recent metaanalysis of
18 studies [22]. The underlying hospitalization rate for
UGIB varied sharply with age, however, with UGIB rare
among younger persons. Because of the link between

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 173181



UGIB incidence and age, most of the NSAID-associated
cases of UGIB in North Jutland occurred among persons
over age 60 years. Taking into account the 3.6-fold
increase in risk of UGIB associated with use of NSAIDs
only, we estimate that about 15% of all cases of
UGIB in the county over the 5 year study period were
NSAID-related.

Information in the Pharmaco-Epidemiologic Prescrip-
tion Database enabled examination of rates of UGIB
according to type of NSAID. Others have reported fairly
wide variation in UGIB rates among different NSAIDs,
with ketoprofen and piroxicam generally associated
with higher and ibuprofen with lower risks [2, 11, 13,
14, 16-20]. In our study, significant increases in risk of
UGIB were associated with all types, although the
magnitude of the increase varied by product. The risk
estimates were largely in agreement with those in earlier
reports, except for a higher risk confined to use of
diclofenac in spite of similar recommended standard doses
used in Denmark and other countries such as the US and
the United Kingdom. The smallest increases were found
for ibuprofen, followed by naproxen. The differences in
risk by product type seem at least in part to be dose related.
Ibuprofen is the medication most likely to be prescribed
in lower (non anti-inflammatory) doses and is the only
nonaspirin NSAID obtainable over the counter (OTC) in
Denmark.

Although OTC purchases were not recorded, the
North Jutland Prescription Database obtained data on
all prescriptions of NSAIDs, including prescriptions on
ibuprofen at or below maximum daily (1200 mg day ')
OTC dose level. Our analyses revealed dose-response
trends in risk of UGIB, with O/Es at the highest ibuprofen
and naproxen doses being lower than, but beginning to
approach, those associated with use of the prescription
NSAIDs primarily used for treatment of rheumatoid
arthritis and other inflammatory conditions. Others have
also reported that risks of UGIB at high anti-inflammatory
doses of ibuprofen and naproxen are similar to risks
associated with other NSAIDs used for treatment of
arthritis and other inflammatory diseases [16—18, 20]
although in one study ibuprofen was associated with only
half of the risk of GI toxicity as naproxen sodium [26].
However, our data show that even users prescribed less
than 1000 mg day ' of ibuprofen have an increased risk
of UGIB, in accordance with other surveys assessing
dose—response trends in UGIB among NSAID users,
which tend to find increased risks at OTC doses. Indeed,
our relative risk estimate of about a 2-fold increase corre-
sponds closely with those found in eight studies for both
aspirin and nonaspirin NSAIDs (including ibuprofen) at
doses at or below maximum daily OTC levels [27].

Somewhat less than 40% of the NSAID users received
three or more prescriptions over the entire study period.
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Risk of UGIB beginning with the third prescription was
only slightly higher than risk across all uses, but there
was an inconsistent pattern of rising risks with increasing
prior use of NSAIDs assessed as number of prior
prescriptions. Risk was shown to decrease substantially,
however, following cessation of NSAID use. A significant
residual effect was reported among former NSAID users
in Scotland [19], but our findings of little trend in risk
with increasing number of post prescriptions and a decline
in risk following cessation of use suggest that the effects
of NSAIDs upon UGIB are mainly acute, with little
accumulated carry-over risk from prior use. We did
observe small increases in UGIB risk among former users,
but we could not rule out the possibility that some users
continued use beyond 90 days postprescription and into
periods we classified as non (former) use. Further indi-
cation of an acute effect is that the risk estimate increased
with decreasing length of exposure window, with a
greater than five-fold increase in risk of UGIB during
NSAID use when prescriptions were assumed to last only
30 days. We chose 90 days as the prescription length to
capture the main proportion of exposure to NSAID
during current use, but this results in misclassification of
exposure periods for some users and a resultant attenuation
of the O/E ratio [28].

Risks of UGIB according to form and route of
administration of NSAIDs have been sparsely investigated.
A case-control study from Australia showed that rectal
administration was associated with a higher risk than oral
administration [11], while a Canadian nested case-control
study found no marked difference between oral and rectal
routes of administration or between enteric, slow-release
or other oral forms of administration [17]. Our results
show an increased risk associated with use of supposito-
ries, and no beneficial effect of enteric coating or slow-
release tablets. It must be mentioned that in Denmark
suppositories involve NSAIDs generally associated with
higher risk (see footnote of Table 3). Confounding by
indication may also contribute to these results, since
patients may have been prescribed these presumed low
risk formulations because of previous gastrointestinal
complications.

The highest risks of UGIB observed in this study were
among persons who concurrently used NSAIDs and other
drugs, such as corticosteroids and anticoagulants, known
to increase risk of bleeding [1, 2]. Twenty percent of
NSAID users in North Jutland had taken such drugs. The
multiple users experienced a greater than 6-fold excess of
UGIB compared with nondrug users, whereas the excess
among those who used NSAIDs alone was 3.6-fold.
We included both prophylactic (low-dose) and regular
aspirin among these other medications (even though
aspirin is also an NSAID). High doses of aspirin have long
been known to increase bleeding risk. We and others
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[11, 29-32] have previously reported that lower doses
(100-150 mg) used primarily for protection against heart
disease were linked to about a doubled risk of UGIB. Our
findings thus indicate potential for an increase in risk of
UGIB associated with the entire spectrum of NSAID
medications.

Apart from use of corticosteroids and anticoagulants,
established risk factors for UGIB include a history of ulcer
and a serious systemic disorder, while Helicobacter pylori
infection, smoking and alcohol consumption are possible
risk factors [1]. The confounding and/or interactive effects
of these factors could not be assessed in the present study.
However, other studies have indicated that infection
with Helicobacter pylori and smoking increase the risk of
gastroduodenal mucosal injury associated with NSAID use
at most minimally [1, 27, 33]. Use of alcohol does seem to
increase this risk [27, 34] but in our study the potential
effect of alcohol intake is likely to have been minimized,
since we excluded all persons with alcoholism and liver
cirrhosis from the study.

The present study has the advantage of considering the
total population in one area of Denmark thus representing
all socioeconomic groups. All hospitals in the county
receiving emergency admissions report to the Regional
Hospital Discharge Register, which secures complete
follow-up for all UGIBs requiring admission to one of
the hospitals in the county. In addition, utilization of the
North Jutland Pharmaco-Epidemiologic Prescription
Database ensured complete ascertainment of all use of
prescription NSAIDs thus avoiding reliance upon self-
reported analgesic use. NSAID users do make up a large
proportion of the North Jutland population, but a
substantial part of the users (62%) only received one or
two prescriptions during the study period. These persons
do contribute with observations and person-years but
only during the short period of time when we assume that
they take NSAIDs. Those with few prescriptions are also
excluded from the background rates, and because numbers
are high this does affect the statistical precision of the rates,
but we judge that it will be most correct to exclude them
since they did take NSAIDs at some point. However, our
database could not assess OTC use of ibuprofen and
aspirin. In general, the OTC use of nonaspirin NSAIDs in
Denmark is 14% of the total NSAID use, but OTC use
may be less common among persons with prescription use,
so possible confounding by OTC analgesic use would lead
to underestimation of the relative risk of UGIB associated
with NSAID:s.

In conclusion, we were able to confirm earlier reports of
about a four-fold increase in risk of UGIB among users of
nonaspirin NSAIDs, which means that use of these drugs
may explain approximately 15% of all UGIB in the North
Jutland County of Denmark. Duration of use assessed as
number of prior prescriptions had no systematic impact on
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the risk, and the risk declined sharply following cessation
of use. Risk also varied according to type of NSAID. The
lowest O/E ratio was found for users of ibuprofen and
naproxen, among whom the risk depended strongly on
daily dose, although all users including those taking
doses below OTC levels were at increased risk of UGIB.
Combining use of NSAIDs with use of glucocorticoids or
anticoagulants increased the risk of UGIB even further,
while no reductions in risk were associated with use of oral
enteric-coated, oral slow-release or rectal formulations.
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